This study investigates the spatial and temporal variation of intertidal macroalgae along the eastern coasts of Qeshm Island, Persian Gulf, Iran. Monthly sampling of abundance, biomass, richness and diversity of macroalgae at three intertidal levels was carried out at two different sites during 1 year. The samples were collected every month using quadrats (0.5 × 0.5 m) from October 2012 to September 2013. The species dry weight was applied to examine changes in biomass and assemblage composition of intertidal macroalgae using univariate and multivariate analyses. A total of 42 seaweed species (10 Chlorophyta, 9 Phaeophyceae, and 23 Rhodophyta) were identified. The results confirmed a temporal pattern in the growth of the algal species which also showed a biomass zonation pattern from upper to lower intertidal. The annual mean biomass of macroalgae was highest in winter (29.3 ± 9.8 g dry wt m
Introduction
Marine macroalgae, also known as seaweeds, are the macrobenthic forms of marine algae that are found from intertidal to shallow subtidal zones. These macro-autotrophs include three major divisions: Chlorophyta (green algae), Ochrophyta, class Phaeophyceae (brown algae), and Rhodophyta (red algae) (Koch et al. 2013) . Seaweeds along with seagrasses are part of the base of the food web in marine coastal ecosystems with a vital role in nutrient cycling processes. They also support the diverse assemblages of associated species by providing them a physical structure (Koch et al. 2013; Leopardas et al. 2014) . Therefore, any changes in patterns of such habitat-forming species may create bottom-up changes in the food web and influence the associated fauna and flora (Bates and DeWreede 2007) .
The Seasonal variation in rainfall, salinity, nutrients and light intensity could result in a kind of succession in the intertidal macroalgae. Consequently, the structure and composition of macroalgae assemblages fluctuate both in time and space in response to the extreme conditions in the Persian Gulf (Chapman and Underwood 1998; Sangil et al. 2011; John 2012) . Understanding changes in their communities by detection and monitoring of local species, their distribution, and their availability is an indispensable part of a long term preservation and management of biodiversity in coastal waters (Trono 2003; Raffo et al. 2014) . Additionally, it may lead to predict the ecological responses to environmental changes such as pollution and climate change that are mainly expressed as changes in species distribution, abundance, and diversity.
To date, few papers have published on the dynamics of macroalgae communities in coastal waters of the Persian Gulf and the Gulf of Oman. The previous studies have focused on the biomass variation and diversity of seaweeds among seasons, whereas the species composition in different seasons and the role of specific macroalgae in the variation of community were neglected. The only previous quantitative study on variation in biomass and seaweed diversity using univariate analysis was undertaken by Dadolahi-Sohrab et al. (2012) . The purpose of this study, therefore, was to provide the first comprehensive quantitative investigation of vertical and seasonal changes in the composition and structure of macroalgae at a local scale with regard to community structure and composition. This study has three key objectives: (1) to determine temporal changes in composition and diversity of macroalgal assemblages and its relation to the environmental variables in the intertidal zone of two gently sloping shores; (2) to describe the zonation patterns of three groups of seaweeds in the study area (3) and; to identify the dominant species of every season in the study area.
Methods

Field study site
This study was carried out in the intertidal zone of the eastern coasts of Qeshm Island (an urbanized area) from October 2012 to September 2013. Qeshm is the largest island of the Iranian side of the Persian Gulf with an area of 1491 km 2 (Aghajan Pour et al. 2013) . Two locations were selected on the eastern coasts of the island: Zeitun Park (site 1) (26°55' N, 56°16' E) with a sandyrocky substrate and Botanical Garden (site 2) (26°58' N, 56°15' E) with a sandy-stony substrate (Fig. 1) . The intertidal zone of these areas was between 100 and 150 m wide with \slopes between 1 and 2°and the same tidal amplitude of semi-diurnal tides (0.12-3.37 m). The temperature, turbidity, salinity, TDS (total dissolved solid) and pH of surface water was measured every month during the year of sampling. In the sampling area, the temperature varied between 25 and 33°C and salinity ranged between 42.3 and 43.7 ppt. during the temperate and warm seasons, respectively.
Sampling design
At each site, three line transects perpendicular to the waterline, were placed randomly to investigate vertical distribution of macroalgae. Three intertidal levels were sampled (high, middle and low) along each transect (including tidal pools) in which three quadrats (50 × 50 cm) were used systematically at each level to compare the changes on the algae community structure throughout the year. The sampling collection was performed monthly from October 2012 to September 2013. All macroalgae within each quadrat (total replicates = 324 quadrat for each site during the year) were removed, bagged, labeled by location and transported to the laboratory immediately. Voucher specimens of the collected algae were preserved in 3 % seawater-formaldehyde and left in darkness for identification. The different species of macroalgae within each quadrat were dried separately in an oven at 60°C for 24 h., and weighed to the nearest 0.01 g using an analytical balance (Sartorius AG Germany LA120S). Macroalgae abundance was obtained as dry biomass (g) of each macroalgae species. Identification was done using the taxonomic keys and local checklists (De Clerck and Coppejans 1996; Sohrabipour and Rabiei 1999; Sohrabipour and Rabiei 2007; Sohrabipour et al. 2004; Trono 2003; Jha et al. 2009; Braune 2011 ) to the lowest possible taxonomic level. The names of species and their classifications were validated with AlgaeBase and updated when necessary. Finally, voucher specimens were deposited in Marine Herbarium of Hormozgan University, Bandar Abbas, Iran.
Statistical analyses
Species richness (S), Shannon-Wiener diversity (H′) and Pielou's evenness (J′) (Jørgensen et al. 2005) , for each season were calculated, using the PRIMER-5 (Plymouth Routines in Multivariate Ecological Research) statistical package (Clarke and Warwick 2001) . ANOVA tests were then used to determine whether the diversity indices differed significantly between seasons (p < 0.05), pairwise comparisons were conducted with HSD Tukey post hoc test using SPSS 22. Spatial and temporal patterns in assemblage structure of macroalgae were visualized by cluster analyses based on Bray-Curtis similarity matrix applying the fourth root transformation of mean dry weight (g) of each species. Differences in macroalgae assemblages among seasons (spring, summer, autumn, winter) were examined by a one way ANOSIM test (in PRIMER-5) at a significance level of 5 % (p < 0.05). When differences were noticed among a season-group, the similarity percentages analysis (SIMPER) was performed to determine the taxa having the greatest contribution to the dissimilarity between each pair of seasons. This was used to distinguish the main macroalgae responsible for between-group dissimilarity. The relationship between the environmental variables and the macroalgal assemblage was assessed using the BIOENV analysis (PRIMER-5) which compares a biological similarity matrix with abiotic similarity matrices (Clarke and Warwick 2001) .
Results
Distributional patterns and composition of seaweed assemblages
In the present study a total of 42 macroalgae taxa (10 Chlorophyta, 9 Ochrophyta, class Phaeophyceae, and 23 Rhodophyta) belonging to 18 families were identified across the three intertidal levels in four seasons and two localities ( Table 1) . Most of the specimens were determined to the species level. Dictyotaceae (brown algae) with six species was the most common family in the area followed by Rhodomelaceae and Cystocloniaceae with five species (red algae). Among the green algae Ulvaceae was the most abundant family in the area. In most seasons the most common species was Palisada perforata (Rhodophyta in site 1, and Ulva lactuca and Ulva intestinalis (Chlorophyta) in site 2. Different species of Padina were found in most seasons at both sites. The annual dominant species by biomass was an unidentified Padina (Padina sp.) followed by Padina australis. The low intertidal zone had the highest number of species whereas the high intertidal level showed the least number of species. All taxa were confined to one of the three defined zones except Ulva lactuca and U. intestinalis which dominated in each of the zones.
Variation of biomass
The highest and lowest mean total biomass of macroalgae in the study area was observed in winter (29.3 ± 9.8 g dry wt m
−2 ) and autumn (17.3 ± 13.5) respectively. The highest mean total biomass was recorded in the low intertidal level in all seasons except autumn, when low intertidal and mid intertidal zones had almost the same biomass (Fig. 2) .
The mean maximum biomass of green algae (17.76 g dry wt m
−2 ) was recorded in winter and the minimum value (0.63) in summer. Whereas, the highest mean total biomass of brown algae (23.8) was observed in summer and the lowest value in spring. Red algae showed a maximum mean biomass of 2.11 g dry wt m −2 in spring and almost the same value (~1 g dry wt m
−2 ) in other seasons. Furthermore, in comparison with red and brown algae, the mean total biomass of green algae in site 2 was considerably more than site 1 in all seasons except summer (Fig. 2) .
Diversity indices
In both sites the highest value of the Shannon-Wiener diversity (H') was observed in spring, and the lowest value of richness was recorded in autumn. However, they showed a different seasonal pattern in the biomass, species richness and diversity. Macroalgae abundance and richness showed no significant differences among seasons at both sites, whereas in site 1, diversity was significantly higher in spring than in other seasons (p < 0.05). In contrast, a similar seasonal diversity (H') pattern was observed in site 2, with no significant differences (p > 0.05) (Fig. 3 ).
Spatial and temporal variation of seaweeds Chlorophyta
In general, the highest mean total biomass of green algae was observed in the low intertidal level (Fig. 2) . The Table 1 Seasonality of macroalgae at three shore levels in the eastern coasts of Qeshm Island (2012 Island ( -2013 . Superscripts indicate the site(s) that the species has found (Continued) cluster analysis for spatial variation confirmed the two tightly clustered groups which separated at a 77 % similarity threshold. This suggests that the three zones are not significantly different in distribution of green algae (Fig. 4) . Samples from winter-spring (group I) also clustered apart from autumn-summer (group II) at an 11 % similarity threshold, suggesting a significant difference between two season-group (Fig. 5) .
ANOSIM test results also indicated difference between the communities of each pair of seasons: autumn-summer, spring-summer ( Table 2 ). The SIMPER analysis indicated that the fluctuation in biomass of Ulva intestinalis and Dictyosphaeria cavernosa were relevant for this separation, respectively (Table 3) . The results also outlined that Ulva intestinalis dominated the species assemblage structure in both autumn and winter whereas Ulva lactuca (6.1 ± 1.4 g dry wt m −2 ) dominated in spring. The mean biomass of green algae was almost zero in summer.
Ochrophyta (class Phaeophyceae)
During the study period the highest mean total biomass of brown algae was observed in the low intertidal level except in autumn site 2 in which the biomass expanded to mid intertidal (Fig. 2) . The cluster analysis indicated that brown algae are not strongly clustered by zone, although they formed two groups based on similarities in their assemblage structure (Fig. 4) .
In the case of seasonal variation, spring separated from other seasons and a subgroup characterized putting autumn and winter in a single group with nearly 84 % similarities in assemblage structure (Fig. 5) .
Results of One-Way ANOSIM showed that brown algae assemblages in autumn were different from that of summer (Table 2 ). According to the SIMPER analysis the species' seasonal differences were attributed to fluctuating biomass of Padina australis (Table 3) . Furthermore, Colpomenia sinuosa (9 ± 3.8 g dry wt m −2 ) was the dominant species in the assemblage structure of Phaeophyceae in winter and Padina sp. dominated in other seasons.
Rhodophyta
The result of cluster analysis of red algae differed from that of green and brown algae in that the former showed the high intertidal level as a single group, while the latter indicated the low intertidal as a single group. The level of separation (20 % similarity) was also considerable in comparison with two other groups of seaweeds. This suggests that the low intertidal and mid intertidal levels have more similarity in assemblage structure of Rhodophyta (Fig. 4) .
High similarity between seasons was found (67-86 %) (Fig. 5) , denoting a low heterogeneity within assemblage structure of Rhodophyta during the sampling period. ANOSIM test results indicated differences between season-groups: autumn-spring, winter-summer and spring-summer ( Table 2) . As revealed by SIMPER analysis, Champia spp.,Centroceras clavulatum and Palisada perforata were the species with higher contribution to the dissimilarity between these groups, respectively (Table 3) −2 ), and Palisada perforata (1 ± 0.2 g dry wt m −2 ) were the dominant species in autumn, winter, spring and summer sequentially.
Relationships between macroalgal assemblage and environmental variables BIOENV
The results of the BIOENV analysis revealed that in the study area the most important variables (among the five (Table 4 ).
Discussion
The influence of time and space on ecological patterns is a major challenge in marine community ecology (Hewitt et al. 2007; Smale et al. 2010) . This study provides the first assessment of macroalgae assemblages in Qeshm Island, Persian Gulf, with a quantification of diversity among different months. Our results were in agreement with other ecological studies, where assemblage composition of macroalgae significantly differed among seasons (Raffo et al. 2014) . These patterns are commonly related to the fluctuation of many ecological factors (Williams et al. 2013) .
In this study, the highest diversity was recorded for Rhodophyta, which is characteristically diverse and abundant in the macroalgae flora of Iran (Kokabi and Yousefzadi 2015) . However, the mean total biomass of red algae was dramatically lower than those of green and brown algae. This refers to the small filamentous morphology of most Rhodophyta species in the study area.
In spite of the obvious differences in biomass (N), richness (S) and diversity index (H′) among seasons at both sites, these changes were only significant for H′ at site 1 (Fig. 3) . This resut is not unexpected and has been previously documented (Thongroy et al. 2007; Raffo et al. 2014) . Moreover, the values of the Shannon-Wiener diversity index (H') obtained in this study (between 1.11 and 1.95) were considerably lower than those of Dadolahi-Sohrab et al., (2012) reported from the northern coasts of Persian Gulf in Bushehr province (between 2.28 and 2.87). Both urbanization and substratum can cause such a low diversity in the eastern coast of Qeshm Island. Few studies have addressed how physical and biological factors factors Fig. 4 Cluster analysis of zonation pattern for macroalgae biomass data using Bray-Curtis similarity index influence seaweed community dynamics in the Persian Gulf. However, the result of studies from other parts of the world revealed that abiotic factors such as substratum, nutrients, water motion, sedimentation, pollution and herbivores affect the structure and distribution of algal communities at a local scale (Dıez et al. 2003) .
The macroalgal growth and biomass are directly controlled by nutrient availability in most temperate coastal waters (Pedersen et al. 2010; Martínez et al. 2012) . In temperate coastal waters, nitrogen and phosphorus concentrations of seawater are high in winter and low in summer (Martínez et al. 2012) . Furthermore, Hassanzadeh et al., (2011) reported that seawater is well mixed during winter in the Persian Gulf. Hence, the result of this study which showed the highest biomass of macroalgae in winter may be attributable to increased nutrient availability in this season. Dadolahi-Sohrab et al., (2012) also demonstrated that the period of maximum algal growth is late winter to mid-summer along the northern coasts of the Persian Gulf. In our study, the BIOENV analysis indicated chemical parameters (TDS and pH) as significantly influencing the macroalgal communities along the easthern cost of Qeshm Island. As is evident in many studies, seaweeds have developed different strategies to cope with nutrient seasonal limitation. For example slow-growing perennials have low uptake rates of nutrient. These species accumulate large nutrient pools in winter, which support their growth in spring ⁄ summer when light levels increase. Opportunistic algal forms, however, are fast-growing species which exhibit a high capacity for nutrient uptake to profit from conditions of nutrient enrichment. The high rate of nutrient uptake in this group drives their dominance in localities or seasons of high nutrient and light availability. Since these species do not develop significant storage pools, they become rapidly limited when the supply diminishes (Martínez et al. 2012; Vaz-Pinto et al. 2014) . This can explain the dominance of Ulva species in this study during winter which led to the highest total biomass of green algae in this season along the eastern coast of Qeshm Island. Ulva species are among the fast-growing algae (Phillips and Hurd 2003) and showed differences over time, being abundant in winter and early spring then vanishing in summer, which may be attributable to the seasonal fluctuation of nutrient supplies in seawater in the study area.
Our results revealed that Padina spp. was the most important component of the macroalgae community among Phaeophyceae, in the study area. This species formed dense patches in mid-summer and gradually decreased in late autumn; but, never disappeared during the year from the study area. Padina reproduction occurs throughout the year which drives high recruitment rates for this species (Thongroy et al. 2007; Kim 2012) . However, the strategies of annual seaweeds that develop during late spring to summer in periods of low nutrient supplies, are poorly investigated (Vaz-Pinto et al. 2014) .
Among red algae (Rhodophyta) Centroceras clavulatum and Palisada perforata played an important role in changing the community composition. Palisada perforata which was scarce in site 1 is characteristic of oligotrophic waters (Moreira et al. 2006) . Centroceras clavulatum (Ceramiaceae), on the other hand, is an annual alga resistant to the pollution (Dıez et al. 2003) . Moreover, Caulerpa spp. and Ulva spp. (Chlorophyta) showed a higher contribution than other Chlorophyta to the dissimilarity among seasons. Although experimental studies are needed for a better interpretation, presence of the opportunistic seaweeds Ulva spp. along with Hypnea musciformis, Hypnea spinella, Acanthophora spicifera, Centroceras clavulatum and Gracilaria spp. in the macroalgae community of site 2 is indicative of a degraded state, which is characterized by nutrient enrichment, heavy metals and turbid conditions elsewhere in the world (Moreira et al. 2006; Orlando-Bonaca et al. 2008; Cox and Foster 2013) In terms of vertical distribution, the lower intertidal level showed the highest abundance of macroalgae as it was reported by other studies (Scrosati and Heaven 2007; Kang and Kim 2012; Raffo et al. 2014 ). On a local scale the upward distribution of organisms is mainly limited by desiccation in the intertidal zones (Nybakken 1993; Ingo´lfsson 2005 ). It appears the red algae are more usually confined to a single zone than the green and brown algae, usually limited to the lowermost zone sampled at the two sites and only poorly represented at the mid-tide level.
However, green and brown algae showed more homogeneity between three intertidal levels (Fig. 4) . The differences of photosynthetic pigments of the three main groups of algae and their tolerance to desiccation may be important in coping with variation of light intensity and hence influencing their vertical distribution in the intertidal zone (Nybakken 1993) .
Compared with other parts of the Qeshm Island, the macroalgae community on the eastern coast is very simple due to the absence of slow-growing perennial macroalgae such as Sargassaceae which have been reported from other localities in the Qeshm Island (Sohrabipour and Rabiei 1999; Fatemi et al. 2012 ). This could be related to the predominance of sandy-stony substrate and urbanization at our study area, in contrast to the other parts of the Island.
This study was an initial step toward understanding the seaweed community dynamics in the Persian Gulf as a sub-region of the Indian Ocean. Therefore, future research is required on the environmental factors such as nutrients affecting seaweed communities on different coastlines of this area to enhance our knowledge of ecosystem functioning and help to predict the ecological responses to environmental changes, both natural and anthropogenic. This study is a useful baseline that can be built on in future studies.
